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Introduction {#sec001}
============

Tuberculosis (TB) remains a leading cause of mortality and ill-health among people living with Human Immunodeficiency Virus (HIV), especially in resource-limited countries, even though significant progress has been made in the fight against the two epidemics over the years \[[@pone.0235843.ref001]\]. Indeed, the emergence of HIV in sub-Saharan Africa also increased substantially the incidence of TB in the region \[[@pone.0235843.ref002]\]. There is substantial evidence regarding the linkages between HIV and TB, with a higher likelihood of mortality among co-infected clients \[[@pone.0235843.ref003],[@pone.0235843.ref004]\]. Despite the high risk of HIV clientsdeveloping TB, programmes at the global, national, and local levels started largely with a vertical approach with little or no coordination \[[@pone.0235843.ref005]\]. This has resulted in the poorly coordinated management of the syndemic, with deleterious effects on clients and operational difficulties for service providers, especially in resource-limited settings \[[@pone.0235843.ref006]\].

As a response to the unabated TB-HIV co-morbidity, the World Health Organization (WHO) proposed TB-HIV service integration at least at the facility level \[[@pone.0235843.ref007]\]. There is, however, no consensus with regards to the form (whether partial or full) of integration and the levels at which integration should occur \[[@pone.0235843.ref008]\]. As a result, various models (linkage, collaboration, full integration) have been implemented with several challenges across various settings \[[@pone.0235843.ref009]\]. For instance, in a linkage model, when a patient is diagnosed with either of the two infections, he/she is referred to another facility or unit to be tested for the other. The collaborated model is concerned with the partial integration of services whereby a person who has been diagnosed through TB services will also be counselled and tested for HIV and then referred if positive. In a fully integrated model of care, all services for TB and HIV are provided in a single facility and by the same service providers. An overwhelming body of evidence, however, suggests that the fully integrated option offers optimum benefits for clients, health systems and workers \[[@pone.0235843.ref010],[@pone.0235843.ref011]\].

In many resource-limited settings like Ghana, achieving widespread integration of TB-HIV care is still unsatisfactory \[[@pone.0235843.ref012]\], regardless of a documented intent towards full integration \[[@pone.0235843.ref013]\]. While this is not the first empirical discourse on TB-HIV integration in the country, this, to the best of our knowledge, marks the first attempt to investigate operational challenges of TB-HIV integration from the perspectives of service providers at the facility level. Our study was guided and discussed within the remit of Complexity Theory \[[@pone.0235843.ref014]\].

Theoretical framework: The complexity theory {#sec002}
============================================

Complexity theory in healthcare is concerned with functionality and changes within a given healthcare system, beginning from the assumption that the field of healthcare delivery has become increasingly complex \[[@pone.0235843.ref015],[@pone.0235843.ref016]\]. Complexity has been applied across various disciplines with each discipline offering a unique understanding of the term. Manson divided complexity theory into three; *algorithmic complexity*, *deterministic complexity*, and *aggregate complexity* \[[@pone.0235843.ref014]\]. In this paper, we subscribed to "aggregate complexity" which concerns the relationships between individual components in a complex adaptive system (in this case, integrated TB-HIV care operating within a wider health care system). Aggregate complexity is generally regarded as the qualitative component of the complexity theory \[[@pone.0235843.ref016]\].

Complexity theory views healthcare facilities organized around specific chronic disease management as "complex adaptive systems". This complex adaptive system is a group of individual agents, specialized health workers in the field of TB and HIV management, whose actions are interconnected \[[@pone.0235843.ref017]\] and the interactions among the specialized units are more critical than the discrete actions of individual components \[[@pone.0235843.ref018]\]. According to Mason \[[@pone.0235843.ref014]\], understanding aggregate complexity will require an exploration of key sets of interrelated concepts that define a complex system. These key concepts include: relationships between entities; internal structures and the surrounding environment; learning and emergent behaviour, and the various ways by which a complex system can transform and improve \[[@pone.0235843.ref015]\].

A cornerstone of aggregate complexity is the *relationships* that exist among the various components. Here, the concern is about the interactions among the various components of the system; TB and HIV service providers, the TB/chest unit, HIV/counselling unit, laboratory, X-ray unit, pharmacy/dispensary, and other units/wards with a direct or indirect relationship with TB and HIV management and the clients. With regards to the *internal structure*, it is assumed that the components of a system and their relationships are not different. Consequently, the actions of the related units are or should aim at ensuring a better outcome for health service users/clients, especially the most vulnerable. Thus, in the various models of care; separate, linkage, collaboration, and fully integrated systems, each unit and their staff have to follow the laid down treatment protocols. A key element in the existence of a complex system is the *environment*. Here, the environment is the broader political, social, and organizational context---the physical infrastructure (units) for the management of TB and HIV in the health facility. To a large extent, the environment determines the level of interactions that will take place between the components of a complex system.

However, a complex system like healthcare is not entirely dependent on the environment, but actively shapes and reacts to changes over time because of the range of suitable internal mechanism \[[@pone.0235843.ref019],[@pone.0235843.ref020]\]. In rare cases where the components lack the ability to respond to new interactions with the environment, there is a potential for catastrophic results. In a public healthcare system where unpredictability is high, there is a need for changes to be made over time. A critical characteristic of a complex system is *self-organization*, which allows for changes to the internal structure to better interact with the environment. Unlike many organizational theories that assume stability, a major strength of aggregate complexity lies with its position that systems such as healthcare are constantly changing their internal structure and external environment. The complexity theory offered us an opportunity to understand how a complex system like integrated TB-HIV care operates, obstacles to scaling-up integration and the need for individual units to interact in order to produce the desired result.

Study context {#sec003}
=============

The need to ensure effective management of TB in Ghana saw the establishment of the National TB Control Programme (NTP) in 1994. Since then, TB management and related activities in Ghana have been under the auspices of the NTP. Currently, the management of HIV and AIDS in Ghana is under two State-supported institutions; the Ghana AIDS Commission (GAC) which is a supra-ministerial and multi-sectoral body established by Act 613, 2002 of parliament, under the chairmanship of the President of the Republic of Ghana and the National AIDS Control Programme (NACP) \[[@pone.0235843.ref021]\].

Both antiretroviral therapy (ART) and TB treatment in Ghana started largely with a vertical and centralized approach with very few health facilities providing services. However, both have since been decentralized to other health facilities across the country, resulting in 1057 TB treatment centres and 160 ART clinics by the end of 2012 \[[@pone.0235843.ref022]\]. Until 2007, TB and HIV management in Ghana were carried out vertically, with referral services the only means of integration. Following the WHOs recommendation for closer integration of TB and HIV programmes \[[@pone.0235843.ref007]\], the Ghana Health Service in collaboration with the NACP and NTP developed a policy guideline on the clinical as well as the general management of TB-HIV co-infection. TB-HIV service integration is expected to have taken place in all healthcare facilities in Ghana by 2015 \[[@pone.0235843.ref013]\].

Materials and methods {#sec004}
=====================

Data for the study were drawn from a total of 31 service providers-- 11 institutional TB Coordinators, 10 institutional HIV Coordinators, five Medical Officers, three supporting nursing staffs, a Pharmacist and a Laboratory Technician from 12 selected health facilities across four regions of Ghana. The participants were purposively selected based on their direct involvement as well as long working experience in the management of TB and or HIV in the selected facilities. The four regions and the 12 facilities (three from each region) were also purposively selected due to the relatively high burden of TB and HIV in their catchment areas. In each of the selected regions, either the regional hospital or a Teaching Hospital that serves as the highest level of clinical referrals was purposively selected in addition to two other facilities. However, in the region with the highest prevalence of TB-HIV, the major health facility in the district with the highest prevalence of TB-HIV was purposively selected in addition to the regional hospital and one other facility.

Permission for the study to be conducted was obtained from the management of each of the selected facilities. The purpose and nature of the study were explained to the study participants and written consent was obtained individually from each participant. Given the focus of the study, a highly flexible semi-structured interview guide was developed and used for the data collection \[[@pone.0235843.ref023]\]. The interviews were based on one-on-one interaction with the participants and were all tape-recorded with their consents. This was done to ensure that we capture reality in the exact words of the individual participants \[[@pone.0235843.ref024]\]. The first author conducted all the interviews and transcribed all the recorded interviews. At the end of each day of data collection, we took note of both old and newly emerging issues in the data through playback of the recorded interviews. This was done to keep track of the issues in the data in order to identify issues that will require further probing in the subsequent interviews. By the 31st interview, we observed that we have had enough "Information Power" based on the established criteria \[[@pone.0235843.ref025]\]. On average, each interview lasted 45 minutes. Ethical approval for the study was obtained from the Ghana Health Service Ethical Review Committee (ERC) (GHS-ERC: 15/10/15) in Accra, Ghana.

The data were analysed at two levels following both inductive and deductive coding approaches. At the first level, we employed an inductive coding technique to explore a range of codes from the data. These codes were analysed and put into themes, sub-themes and categories. The emerged themes and categories were further analysed for commonalities, variations and disagreement \[[@pone.0235843.ref026]\]. At the second level, we followed a deductive coding approach where we adequately explored themes and categories that fell under the key constructs of the complexity theory \[[@pone.0235843.ref027]\]. This analytical strategy--inductive before deductive coding was adopted to avoid imposing the theoretical framework on the data and allowed themes to emerge freely. All analyses were done with the assistance of QSR NVivo 12 software. In order to ensure the reliability and validity of our findings, we employed an inter-rater coding technique where the first and second authors independently coded the data at both levels. The other authors reviewed the codes and all authors discussed the codes and the themes and categories that were subsequently developed. Our findings are presented and discussed within the remit of the Complexity Theory. We followed the proposed steps put forward by Kannampallil et al, \[[@pone.0235843.ref015]\]. Even though our focus is to understand the challenges to TB-HIV service integration, we also, first of all, explored issues relating to interactions between service providers of both programmes as well as the internal structure for TB and HIV management in accordance with the theory.

Results {#sec005}
=======

Background characteristics of study participants {#sec006}
------------------------------------------------

A total of 31 service providers were interviewed in the selected health facilities across the four selected regions in Ghana. The participants were between the ages of 26 and 59 years with varying levels of experiences in TB and or HIV management. All the participants have at least three years of working experience in management of TB and or HIV with the most experienced service provider having 30 years of experience in TB and HIV management. The participants occupied a wide range of positions in the management of TB and HIV in the selected facilities across the four selected regions in Ghana. They were made up of 36 percent Institutional TB Coordinators, 32 percent Institutional HIV coordinators, 16 percent Medical Officers, 3 percent Pharmacist, 10 percent Nurse/Counsellor, and 3 percent Laboratory Technician. The participants were drawn from various levels of health facilities including; Teaching Hospital, Regional Hospitals, Metropolitan Hospitals, Sub-Metro Hospitals, Municipal Hospitals, District Hospitals and Sub-District Hospitals across four regions of Ghana with various models of TB-HIV service delivery (separate, linkage, collaboration, and full integration) under practice. The participants were affiliated to either the National AIDS Control Programme (NACP) or National TB Control Programme (NTP) or both programmes in the case of facilities that are practising full integration model. The summary of the background characteristics of the study participants is presented in [Table 1](#pone.0235843.t001){ref-type="table"}.

10.1371/journal.pone.0235843.t001

###### Background characteristics of study participants.

![](pone.0235843.t001){#pone.0235843.t001g}

  Background characteristic      Frequency   Percentage (%)
  ------------------------------ ----------- ----------------
  **Service Providers**                      
  **Sex**                                    
  Male                           14          45.2
  Female                         17          54.8
  **Age**                                    
  20--29 years                   7           22.6
  30--39 years                   11          35.4
  40--49 years                   6           19.4
  50--59 years                   7           22.6
  **Programme Affiliation**                  
  NTP                            12          38.7
  NACP                           13          41.9
  NTP/NACP                       6           19.4
  **Position**                               
  TB Coordinator                 11          35.5
  HIV Coordinator                10          32.3
  Medical Officer                5           16.1
  Pharmacist                     1           3.2
  Counsellor/Nurse               3           9.7
  Lab. Technician                1           3.2
  **Years of Work Experience**               
  1--9 years                     24          77.4
  10--19 years                   4           12.9
  20--29 years                   2           6.5
  30--39 years                   1           3.2

Fieldwork, 2019.

Relationships/Interactions {#sec007}
--------------------------

Generally, the participants shared the view that there is a cordial working relationship between service providers of the two programmes or units. This convivial relationship was observed to be at strongest among workers in fully integrated models of care. The participants disclosed that they work as a team and are very satisfied with the working relationships that exist among their respective teams since all of them can provide both TB and HIV care to clients. It was evident that the strong working relationship among service providers in full integration model emanated from the fact that both the TB and HIV units were under the Public Health Department of such health facilities.

> *We work together as a team*. *The units are not separated*; *everything is done here in this building*. *We work together very well*. *In fact*, *when a team member is not around*, *anybody within the team can perform his/her work*. *We usually go to workshops together as a team so it is more of teamwork*.
>
> (55-year-old Facility HIV coordinator, working under full integration model)

Even though service providers in other models of care also disclosed that they have a cordial working relationship, it was not as strong as what was observed in full integration model. This was evident in the accusation and counter-accusation among service providers for TB and HIV at the two units. The following quote reflects this observation:

> *I may say we* \[service providers for TB\] *have a cordial relationship with them* \[HIV-unit\]. *Sometimes*, *we do have little quarrels pertaining to report writing--they have to write a report to us about their* \[clients\], *the number of them that are coughing*, *the number of new* \[clients\] *that they have diagnosed as HIV--positive* ... *It is mandatory for us TB-HIV team to have periodic meetings at the facility level*, *but sometimes on a meeting day*, *you will wait for them*, *but no one will turn up*. *But aside that*, *I may say*, *our relationship is cordial*.
>
> (31-year-old Institutional TB coordinator, been working with the programme for 5 years,---a collaborative model of care)

> *Sometimes*, *they are too concerned with their part* \[TB treatment\] *... They will forget to continuously remind* \[clients\] *with both TB and HIV that*, *even after TB treatment is completed*, *they still need to continue their HIV treatment* ... *Because*, *the units are not together*, *from time to time we have little disagreements*. *But*, *generally*, *we have a good working relationship*.
>
> (31-year-old Nurse/Counsellor, been working with the HIV programme for 3 years,---collaborative model)

Internal structure {#sec008}
------------------

We observed a complex interaction between and among components (service providers and clients) across the various models of care--the lesser the level of integration, the lesser the complexities in the system of care (see, [Fig 1](#pone.0235843.g001){ref-type="fig"}). Put differently, the level of complexity increases as we move from a separate model (no integration) to linkage, to collaboration and finally to full integration model of care. There is a laydown protocol to be followed by service providers in TB and HIV management. This protocol expects service providers for the respective diseases to constantly interact with each other. As such, when separate facilities or different units of the same facility provide service, which is structurally located away from each other, the system becomes less complex with attendant challenges.

![Models of care and levels of complexity.](pone.0235843.g001){#pone.0235843.g001}

*In this facility* \[VCT unit\], *all HIV positive clients are usually screened for TB*. *After the screening*, *based on the responses*, *we refer the person to the lab to produce sputum for testing* ... *If positive*, *we then refer the person to the Chest Clinic to have treatment*. *Similarly*, *when a TB client is detected*, *those at the Chest Clinic also tests for HIV and if positive*, *they refer the client to our unit for management*. (58 years old HIV coordinator, 15 years of working experience---Collaboration Model) The complexity is increased when services are provided in a fully integrated system ([Fig 1](#pone.0235843.g001){ref-type="fig"}).

> *Every TB client that we receive is screened for HIV and if negative*, *we continue with the treatment*, *but if positive*, *we refer the client to the HIV clinic for management*. *Luckily for us*, *both units are at the same place so we just send the person to the next room to go and see the HIV coordinator* ... *We*, *first of all*, *start with the treatment of the TB and then later introduce the HIV treatment*, *depending on the patient*.
>
> (26 years old Disease Control Officer/TB coordinator, 3 years working experience---Full Integration Model)

Environment {#sec009}
-----------

The interactions/relationships among the various components, coupled with the internal structure in the management of TB and HIV will require that services are adequately integrated. However, we found several challenges, which are preventing services from being adequately integrated. These obstacles are largely a reflection of the environment of TB-HIV service delivery. Among the key issues we noted from the analysis were: inappropriate infrastructure, weak engagements among programme staff and hospitals' management and inadequate staff in TB and HIV management.

### Inappropriate infrastructure and potential stigma {#sec010}

Infrastructure was found to be one of the major challenges to TB-HIV service integration. In most of the facilities where there appears to be some level of collaboration between the HIV unit and the chest clinic/ TB unit, participants were of the view that their efforts to effectively collaborate are often undermined by the physical distance between the two units. They accentuated that TB and HIV services need to be fully integrated in order to deliver the best possible care to the clients. However, in facilities where the two units were not together, it is more difficult to follow the right protocol in the management of the two diseases. Aside from the physical distance between the two units posing a challenge, issues regarding stigma and privacy were also raised as hindering service integration in most of the facilities. The lack of appropriate infrastructure to provide TB-HIV services was expressed by almost all service providers delivering services in separate, linkage and collaborative systems.

> *Inadequate* \[inappropriate\] *infrastructure is our major problem in this facility*. *Housing the two units* \[TB and HIV units\] *at one place will help the system to improve*. *This is very necessary for effective service delivery*, *but as it stands now*, *we have the HIV unit as part of the Public Health Unit and the TB Unit is separated up there*. *Ideally*, *we are supposed to be working very closely*, *but we are not able to do so because of the* \[physical infrastructural\] *distance between the two Units* ... *We must do it* \[integrate\] *in such a way that we don't end up opening ourselves and the* \[clients\] *to stigma*.
>
> (39 years old Institutional HIV coordinator, 8 years working experience--a collaborative model of care)

### Weak engagements among programme staff and hospitals' management {#sec011}

Unsteady coupling between top managers of NTP, NACP and management of the various hospitals also emerged as a major challenge to TB-HIV service integration. The participants revealed that, even though clients could access treatment and care for both TB and HIV at the same facility, the two units are too far apart from each other. This often poses challenges to both service providers and clients. The hospital authorities and programme managers are, however, not showing enough willingness to commit resources towards full integration of services. As such, service providers are not able to effectively collaborate to deliver the best possible care to clients. Aside from diagnostic services, there seems to be no much collaboration when it comes to treatment and data management. This is what one of the participants said when asked to comment on the possibility of full integration at the facility:

> *Yes*, *it is possible*! *But our managers and hospital authorities always complain there is no money*. *It is possible to do it because it is being done at other facilities* ... *Both TB and HIV services are provided at the Public Health Unit*. *Here*, *the two units are far from each other and sometimes when you send* \[clients\]*to the other unit*, *they don't go---they only turn around and go home*.
>
> (31-year-old service provider, working as TB coordinator for 5 years--Collaborative model of care)

### Inadequate staff in TB and HIV management {#sec012}

Inadequate staff was one of the major concerns raised by the participants regarding TB-HIV management. Most of the participants shared the view that there are very limited health personnel, especially Medical Officers who are involved in the management of TB and HIV at the facility level. In both units (VCT and TB units), the participants emphasized shortage of staffs and increase workload as a challenge to the integration of services since they are expected to provide both TB and HIV counselling services, diagnosis, data management, follow-up on clients, embark on community outreach programmes, and the general management of the syndemic. As such, taking up extra duties due to integration does not appeal to them very well. Most of the participants shared the view that health personnel, especially medical doctors are often reluctant to work in the area of TB and HIV management. In addition, some participants were concerned that full integration of services may lead to the reassignment of some providers to other units, thereby increasing the workload on the few service providers.

> *We need more prescribers---the doctors*! *As it stands now*, *we have only one doctor who is willing to help in this area*. *For the other doctors*, *I don't really know whether it's because of stigma or something*. *It looks like they are feeling reluctant to work with us and you know*, *this is the biggest hospital in the region and it serves as a referral centre so we tend to get a lot of* \[clients\] ... *Only a few nurses are involved in TB and HIV management*. *As if TB-HIV management is reserved for just a few of us who have taken it upon ourselves to work with the programme*. *That is why in some facilities*, *people* \[service providers\] *are not willing to integrate*.
>
> (45-year-old Institutional HIV coordinator with 6 years working experience--Full integrated model of care)

### Directly-Observed Treatment (DOT) strategy in TB management {#sec013}

The DOT strategy was also seen as posing a challenge to clients receiving care in the integrated system. Even though service providers acknowledged the importance of co-infected clients receiving care for both TB and HIV at the same facility, they are sometimes left incapable of resolving the situation where clients have to use separate facilities for TB and HIV care. Under the DOT strategy, clients are required to receive treatment and care at a facility in their communities or one that is closer to their communities. Whereas TB services are available in nearly all health facilities, including Health Centres in Ghana, HIV services are somewhat limited to major health facilities across the country. Therefore, if service providers have to strictly go by the DOT strategy, clients will have to use a facility that is closer to their place of residence for the TB treatment and then another facility for HIV services where it is not available in the facility that is providing the TB services. This concern was shared by several participants and this was what one has to say:

> ...*TB* \[management\] *is supposed to be DOT* \[Directly-Observed Treatment\], *so the clients are supposed to take their TB drugs* \[medications\] *as close to their homes as possible*. *Yet*, *HIV medicines are not available at the facilities in smaller communities*. *So*, *what it means is that we have people here who have to receive their TB drugs in a small community somewhere*, *but still have to come to us for the HIV services*. *So*, *it makes it such that it is difficult to have a one-stop-shop for them* \[co-infected clients\] ... *The best would have been that they come to one place* \[and\] *they get their HIV and TB drugs*.
>
> (49-year-old Medical Officer/Institutional TB-HIV coordinator with 10 years working experience--Full integrated model of care)

### Funding constraints {#sec014}

Funding issues also emerged from the data as posing challenges to the general activities of the two disease control programmes, as well as the integration of services. Whereas the participants acknowledged the tremendous contribution made by donor agencies, especially the Global Fund, they also expressed concerns about the ever-dwindling of the funds. In recent times, some donor agencies like the Global Fund have resorted to giving out funds for joint activities of TB and HIV control, with malaria being added in some instances. Such initiatives by the international organizations have reinforced the need to integrate services, especially at the facility level which will result in resource pooling. However, the participants accentuated that, to adequately integrate services, there is the need to invest in suitable infrastructure which will enhance collaboration between the two units. The two control programmes rely heavily on donor funding, but the donors often do not provide funds for infrastructure and are usually "activity-specific" in terms of the funds. The following quote highlights this concern shared by the respondents:

> *The issue is that the* \[control\] *programmes* \[NACP and NTP\] *rely heavily on donor funding to carry out our activities*. *Now that the funds are no longer coming like before*, *we are increasingly facing so many challenges* ... *Another major challenge is infrastructure; where we can provide both TB-HIV services*. *This will require money*, *but the funds are no longer coming and even if they come*, *the donors are specific and often they are not concerned about funding infrastructure*. *The hospital authorities are also reluctant in this regard*. *So*, *it makes it difficult to adequately integrate services*.
>
> (48 years old Institutional HIV coordinator with 9 years working experience--a collaborative model of care)

Discussion {#sec015}
==========

This study seeks to unravel the pertinent challenges that confront TB-HIV integrated service delivery using the complexity theory as a framework. Following the recommendation for TB-HIV service integration by the World Health Organization, several resource-limited countries have implemented this strategy (albeit various models), which has largely proven to have a positive impact on the management of the syndemic \[[@pone.0235843.ref028],[@pone.0235843.ref029]\].

It is, however, worth mentioning that the success or otherwise of TB-HIV service integration to ensure effective management of the syndemic depends largely on the service providers and the level of coordination that exist between them \[[@pone.0235843.ref030]\]. Our study revealed a generally cordial working relationship between service providers for TB and HIV, especially in fully integrated models of care. This cordial relationship is critical to ensuring the delivery of high-quality integrated care. As posits by the complexity theory, this cordial relationship between the components (service providers for TB and HIV) is essential for the ultimate survival of the system \[[@pone.0235843.ref020]\].

Concerning the internal structure, our study revealed a growing complex interaction between and among service providers for TB and HIV and co-infected clients. This complexity was higher in fully integrated models of care as compared to a partial integration. Plsek and Greenhalgh \[[@pone.0235843.ref019]\] noted that as a system becomes more and more complex, there is the likelihood of non-linearity and the system adapts better to situations. Evidence suggests that in less complex systems of TB-HIV care, referrals for co-infected clients to access comprehensive care is a major challenge and at the same time, missed opportunities for HIV clients to get enrolled on ART exist \[[@pone.0235843.ref031]\]. These challenges can, however, be addressed through service delivery in a better integrated (more complex) system \[[@pone.0235843.ref028]\]. There is evidence to show that full integration of TB-HIV services is considered most appropriate and acceptable among clients, especially co-infected clients \[[@pone.0235843.ref032]\].

Stigma within the health sector and the general public is a major challenge in the fight against TB and HIV in Ghana \[[@pone.0235843.ref033],[@pone.0235843.ref034]\]. With stigma, an important factor, any effort in the management of TB and HIV (two infectious diseases, which carry stigma) must take into consideration the protection of clients against stigma. Institutional challenges relating to a lack of appropriate infrastructure in implementing TB-HIV collaborative services have been documented \[[@pone.0235843.ref035]\]. The management of TB and HIV in most resource-limited settings started with the vertical approach with two different control programmes (e.g. National AIDS Control Programme and National Tuberculosis Control Programme in Ghana). With such a vertical approach, most health facilities designated different units (often far apart from each other) to the management of TB and HIV. Integration of services requires either bringing the two units together or reasonably close to each other and ensure effective collaboration \[[@pone.0235843.ref007]\]. This is where some facilities are faced with challenges since integration was not initially considered in setting up of the two units \[[@pone.0235843.ref036]\]. Within the framework of the complexity theory, the health facilities can manage and deliver TB-HIV services to clients in the face of the infrastructural challenges because a complex system is not totally dependent on the environment, but actively shapes and reacts to changes because of the suitable internal components \[[@pone.0235843.ref019]\]. A critical component in this instance are the dedicated TB and HIV services providers at the various health facilities. However, as posited by the theory where a component of the system lacks the ability to respond to the environment, there is the likelihood of catastrophic results.

Our study also revealed weak engagements on the part of programme managers at the national level and hospital authorities as a major challenge to TB-HIV service integration. Policy document by the Ghana Health Service entreats all health facilities to integrate TB and HIV services by the end of 2015 \[[@pone.0235843.ref013]\]. However, TB and HIV service integration in Ghana is far from optimum, even though some progress has been made in recent years. A previous study among programme managers for both TB and HIV revealed some level of reluctance to commit to the integration of services due to various reasons, including the potential for leadership crises and increased workload \[[@pone.0235843.ref012]\]. In some sub-Saharan Africa countries where there is evidence of inadequate infection control protocol, there is a reluctance to commit to TB-HIV integration due to concerns about nosocomial infection \[[@pone.0235843.ref037],[@pone.0235843.ref035]\].

Of particular note are the challenges of inadequate staff and the DOT strategy in TB management hindering TB-HIV service integration. This finding is consistent with results from a study conducted in South Africa, where it was found that inadequate health staffs with a special interest in TB and HIV care, especially in rural settings as a major hindrance to TB-HIV service integration \[[@pone.0235843.ref038]\]. DOT strategy has been widely used in TB management to help address treatment default and non-adherence \[[@pone.0235843.ref039]\]. However, the challenge here is that, with co-infectedclients, ART is not available in every facility across the country. Whereas it is easy for the clients to receive care for TB even at a health centre within the community, ART is not available in such facilities. As such, service integration becomes very difficult. While there is the need for clients to receive care at facilities that are closer to them as much as possible under DOT \[[@pone.0235843.ref040]\], efforts should also be made to decentralize ART to primary health facilities as it has been proven to be feasible \[[@pone.0235843.ref019]\]. Whiles DOT remains a widely used strategy, its relevance in the current TB management and control has been questioned \[[@pone.0235843.ref041]\]. The finding from this study adds to the growing call for a review of the DOT strategy in TB management.

Our study also revealed funding constraints as a barrier to service integration as well as generally having negative effects on the activities of both control programmes. Funding constraints for TB and HIV control activities in Ghana due to over-reliance on donors have been documented \[[@pone.0235843.ref042],[@pone.0235843.ref036]\]. The volatile nature of disease-specific funding due to priority setting and changing politics on the part of the donors makes overreliance on such funds risky \[[@pone.0235843.ref043]\]. Investment in infrastructure, which according to the participants is critical in ensuring integration of services, has unfortunately not been a priority for donor organizations. With the current situation where donors are continuously reducing funds for the programmes, government and various health institutions must show more commitment by looking at alternative means of funding activities for TB and HIV control programmes while at the same time addressing the barriers to TB-HIV service integration.

Notwithstanding the meaningful insight provided by this study regarding the challenges to TB-HIV service integration, there is an inherent limitation. Only 12 health facilities from four regions of Ghana were included in this study and this limits the extent to which the results can be generalized. However, our goal was to understand the phenomenon rather than to generalise. Besides, the strong theoretical basis for the study and a large number of study participants added to the strength of this study. As such, the results can be transferred across similar contexts.

Conclusion {#sec016}
==========

The complexity theory provided us with the basis to understand the challenges with regards to the scaling-up of TB-HIV integrated service delivery in Ghana. This study revealed a number of challenges to TB-HIV service integration, which largely emanated from the environment of care within the complex system. These include; inappropriate infrastructure and potential stigma, weak engagements among programme managers and hospital authorities, inadequate staff in TB and HIV management, DOT strategy in TB management, and funding constraints. With evidence pointing to the viability of full integration of services and its positive impact on the management of TB and HIV in many resource-limited settings, there is the need for all stakeholders to address the challenges to service integration. Full integration of service will enhance the complexity of the system, which can have a positive impact on early diagnosis for both infections, improve interactions between service providers for both control programmes and clients, enhance information sharing and improve the general management of the syndemic.

Supporting information {#sec017}
======================

###### 

(DOCX)

###### 

Click here for additional data file.

The authors express appreciation to the management of the study health facilities and the service providers who shared their perspectives with us.

[^1]: **Competing Interests:**The authors have declared that no competing interests exist.
